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A bit of context

• Before Ely: old Neugen, reco R1.0, no nutaus. 
With this we got results comparable with Numi
-714.

• At Ely: new Neugen, reco R1.9, nutaus, input 
from Caldet. Too many changes, hard to track 
problems, results significantly worse. 

Objective so far: 
Get comparable results to  Numi-714



Results comparison

Nue NC Numu Bnue FOM
no cut 20:1 7 22 10 10 1.08
trk cut 25:1 8 25 5 12 1.23

Tingjun 6.1 27.1 3.6 7.8 0.98
Alex 14 139 67 22 0.93

numi 714
(scaled) 7.1 27.2 3.9 5.6 1.17

8

Befo
re 

 

Ely



What’s new since Ely?

• MDC R1.9, bugs in 1.7 fixed.

• Vertex finding from Josh Boehm integrated 
with reconstruction.

• Fixes in  framework: normalization and test 
sample construction.

• New set of cuts, variables and treatment of 
multiclass trees. 
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Cuts study

• Idea: cut everything that is obviously 
background, ie long numus, low energy 
events, higher energy beam nues. 

• Use a set of preliminary decision trees, to 
optimize these:

• Low end energy: NC vs CC

• High end energy cut: Beam nue vs nue, numu

• Track length cut: numu vs all



Low end energy cut

• NC vs CC: primary purpose start at a 
reasonable signal/bg ratio.

• Selected cut: ph_pe>273

ph_pe <= 366.281
|   ph_pe <= 176.41: nc (22204.0/1927.0)=(11.52:1)
|   ph_pe > 176.41
|   |   ph_pe <= 273.472: nc (11867.0/2688.0)=(4.41:1)
|   |   ph_pe > 273.472: nc (10035.0/3586.0)=(2.79:1)
ph_pe > 366.281
|   ph_pe <= 501.501
|   |   ph_pe <= 451.762: nc (8704.0/3961.0)=(2.20:1)
|   |   ph_pe > 451.762: numu_nue_nutau_bnue (4790.0/2217.0)=(2.16:1)
|   ph_pe > 501.501: numu_nue_nutau_bnue (79860.0/25806.0)=(3.09:1)
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High end energy cut

• Beam nue vs nue+numu: primary purpose 
of this cut keep signal range and get good 
signal/bg for difficult bg.

• Selected cut: ph_pe<1208
ph_pe <= 1208.44
numu_nue bnue
  0.653      0.346
ph_pe > 1208.44
numu_nue bnue
  0.351      0.648
ph_pe is missing
numu_nue bnue
  0.502      0.497

ph_pe {class<=1&&ph_pe<15000}
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Track length cut

• Numu vs rest: primary purpose eliminate as 
many numus. 

• Selected cut: !=(ntrack==1 && trk_plane_n>23)

No energy cut
trk_plane_n <= 31.5
neg_numu pos_numu
  0.732         0.267
trk_plane_n > 31.5
neg_numu pos_numu
  0.110             0.889
trk_plane_n is missing
neg_numu pos_numu
  0.890        0.109

With energy cut
trk_plane_n <= 22.5
neg_numu pos_numu
  0.895         0.104
trk_plane_n > 22.5
neg_numu pos_numu
  0.259         0.740
trk_plane_n is missing
neg_numu pos_numu
  0.955        0.044
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The sample:   

Nue NC Numu Nutau Bnue

training 15929 49833 52171 18129 1141
all cuts 8693 18013 8398 3933 330

testing 14507 11739 14436 2224 264
ph_pe>273 13607 6712 13408 2111 255
ph_pe<1208 8277 4635 8257 637 82
trk n < 23 8002 4271 2270 486 78 2

Preliminary cuts on visible energy and track length are applied.



The sample:   

Nue NC Numu Nutau Bnue

testing 28.3 1350.8 3447.3 33.8 87.5
ph_pe>273 23.9 786.2 3312.1 27.6 84.6
ph_pe<1208 22.7 538.5 1656.9 20.1 26.9
trk n < 23 22.1 496.1 403.0 16.9 25.6

Preliminary cuts on visible energy and track length are applied.
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Variable selection

• Optimize variable selection for the different 
problems. Previously used algorithm does not 
perform well in 3+ class situations. 

•  NC vs CC (18)

• Numu vs Nue+NC (19)

• Nue vs NC (21)

• Nue vs Numu (21)

• Nue+BNue vs Numu/Nutau/NC (29)

4Note: of course they overlap, true total 44



The pool of variables selected

EM shower fit 

par_a
par_b
par_e0
e0_pe_ratio
chisq
chisq_ndof
ndof
shwmax
shwmaxplane
conv

Track reco 

ntrack
trk_ph_pe
trk_ph_gev
trk_plane_n
trk_plane_ntrklike
ntrklike_ratio
trk_pe_ratio

Shower reco 

nshower
shw_ph_pe
shw_nstrip
shw_pe_ratio
shw_nstrip_ratio

Event Tot 

ph_pe
nstrip
max_pe_plane
plane_n

Transverse 

u_mean
u_rms
u_skew
u_asym
u_kurt
u_molrad_peak
u_molrad_vert
v_mean
v_rms
v_skew
v_asym
v_kurt
v_molrad_peak
v_molrad_vert
uv_mean
uv_rms
uv_skew
uv_asym
uv_kurt
uv_molrad_peak
uv_molrad_vert

Momentum flow

E_Hit_trans
E_Hit_long
E_hits
S_Hit_trans
Ratio_Hit_Far
Ratio_Hit_Energ
ThetaL_Hit_Max
ThetaE_Hit_Max
E_HitT_ratio
E_HitL_ratio
E_Hit_LT_ratio



Multiclass Decision Trees

• Trees are binary in nature, a multiclass 
problem can be improved by creating trees 
that separate each of the classes from the rest 
(1 vs all)

• The pool of variables is used but only the ones 
useful for each separation will be selected

• In some cases this provides an improvement 
similar to costly boosting methods



Results comparison

Nue NC Numu Nutau BNue FOM

j48 5:1 8.0 49.5 16.8 3.2 9.6 0.90
multij48
c0.5 20 5.6 23.9 8.5 2.0 6.6 0.87
multij48
c0.5 200 8.5 56.5 16.6 3.2 8.6 0.92
multij48
m1 c0.5 200

6.6 30.2 8.8 2.2 7.6 0.94
Reptree 

20 7.6 37.4 12.8 2.8 10.2 0.96
numi 714
(scaled) 7.1 27.2 3.9 5.3 5.6 1.12
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Testing several methods



Signal and Background
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Event pictures



0

10

20

30

40

50

60

Plane number
-10 -5 0 5 10 15 20 25 30 35 40

S
tr

ip
 n

u
m

b
e
r

-20

-15

-10

-5

0

5

10

15

20

Event (U view)

Z(m)
-1 -0.5 0 0.5 1 1.5 2 2.5 3

Y
(m

)

-1

-0.5

0

0.5

1

0

20

40

60

80

100

120

140

Event (YZ Hit view)

0

5

10

15

20

25

30

35

40

Plane number
-10 -5 0 5 10 15 20 25 30 35 40

S
tr

ip
 n

u
m

b
e
r

-20

-15

-10

-5

0

5

10

15

20

Event (V view)

X(m)
-1 -0.5 0 0.5 1

Y
(m

)

-1

-0.5

0

0.5

1

0

20

40

60

80

100

120

140

160

Event (YX Hit view)

lenepl
Entries  31

Mean    5.373
RMS      4.35

Plane number
-10 -5 0 5 10 15 20 25 30 35 40
0

20

40

60

80

100

120

140

160

lenepl
Entries  31

Mean    5.373
RMS      4.35

Longitudinal energy (total) tenestu
Entries  18

Mean   0.8186
RMS      2.28

Strip number
-6 -4 -2 0 2 4 6

0

20

40

60

80

100

tenestu
Entries  18

Mean   0.8186
RMS      2.28Trans Energy

U View

V view

Transverse energy (U and V views)

0

10

20

30

40

50

60

70

80

90

Phi

-3 -2 -1 0 1 2 3

C
o

s
T

h
e
ta

0

0.2

0.4

0.6

0.8

1

Event (Phi vs CosTheta  Hit view)

Chain=178 Snarl=182 Nshower=1 Ntrack=1 NuType=12

non QE CC (DIS) event: res=1003 1-y=-0.082205

Enu=3.407023  Elep=-0.280075 emfrac=0.430501 

Event in Second Supermodule

 True Vertex x=-2.302129m y=1.158347m z=19.066593m



Plane number
-10 -5 0 5 10 15 20 25 30 35 40

S
tr

ip
 n

u
m

b
e
r

-20

-15

-10

-5

0

5

10

15

20

0

10

20

30

40

50

60

Event (U view)

Z(m)
-1 -0.5 0 0.5 1 1.5 2 2.5 3

Y
(m

)

-1

-0.5

0

0.5

1

0

50

100

150

200

250

300

350

Event (YZ Hit view)

0

10

20

30

40

50

60

70

80

Plane number
-10 -5 0 5 10 15 20 25 30 35 40

S
tr

ip
 n

u
m

b
e
r

-20

-15

-10

-5

0

5

10

15

20

Event (V view)

X(m)
-1 -0.5 0 0.5 1

Y
(m

)

-1

-0.5

0

0.5

1

0

50

100

150

200

250

Event (YX Hit view)

lenepl
Entries  23

Mean    3.518
RMS     2.383

Plane number
-10 -5 0 5 10 15 20 25 30 35 40
0

20

40

60

80

100

120

lenepl
Entries  23

Mean    3.518
RMS     2.383

Longitudinal energy (total) tenestu
Entries  11

Mean   -0.1642
RMS    0.7456

Strip number
-6 -4 -2 0 2 4 6

0

20

40

60

80

100

120

140

160

180

200

tenestu
Entries  11

Mean   -0.1642
RMS    0.7456Trans Energy

U View

V view

Transverse energy (U and V views)

0

50

100

150

200

250

Phi

-3 -2 -1 0 1 2 3

C
o

s
T

h
e
ta

0

0.2

0.4

0.6

0.8

1

Event (Phi vs CosTheta  Hit view)

Chain=9819 Snarl=1304 Nshower=1 Ntrack=1 NuType=12

Neutral Current event: res=1003 1-y=0.000000

Enu=3.302181  Elep=0.000000 emfrac=0.783803 

Event in Second Supermodule

 True Vertex x=2.248527m y=1.060600m z=18.897474m



0

10

20

30

40

50

Plane number
-10 -5 0 5 10 15 20 25 30 35 40

S
tr

ip
 n

u
m

b
e
r

-20

-15

-10

-5

0

5

10

15

20

Event (U view)

Z(m)
-1 -0.5 0 0.5 1 1.5 2 2.5 3

Y
(m

)

-1

-0.5

0

0.5

1

0

100

200

300

400

500

Event (YZ Hit view)

0

20

40

60

80

100

120

Plane number
-10 -5 0 5 10 15 20 25 30 35 40

S
tr

ip
 n

u
m

b
e
r

-20

-15

-10

-5

0

5

10

15

20

Event (V view)

X(m)
-1 -0.5 0 0.5 1

Y
(m

)

-1

-0.5

0

0.5

1

0

50

100

150

200

250

300

350

400

Event (YX Hit view)

lenepl
Entries  23

Mean    2.495
RMS     1.411

Plane number
-10 -5 0 5 10 15 20 25 30 35 40
0

20

40

60

80

100

120

140

160

180

200

lenepl
Entries  23

Mean    2.495
RMS     1.411

Longitudinal energy (total) tenestu
Entries  11

Mean   0.2539
RMS       1.8

Strip number
-6 -4 -2 0 2 4 6

0

20

40

60

80

100

120

140

160

tenestu
Entries  11

Mean   0.2539
RMS       1.8Trans Energy

U View

V view

Transverse energy (U and V views)

0

10

20

30

40

50

60

70

80

90

Phi

-3 -2 -1 0 1 2 3

C
o

s
T

h
e
ta

0

0.2

0.4

0.6

0.8

1

Event (Phi vs CosTheta  Hit view)

Chain=44304 Snarl=1423 Nshower=1 Ntrack=0 NuType=14

non QE CC (DIS) event: res=1003 1-y=-0.455963

Enu=4.053989  Elep=-1.848467 emfrac=0.783271 

Event in Second Supermodule

 True Vertex x=-2.435732m y=3.096382m z=21.098765m



0

10

20

30

40

50

60

Plane number
-10 -5 0 5 10 15 20 25 30 35 40

S
tr

ip
 n

u
m

b
e
r

-20

-15

-10

-5

0

5

10

15

20

Event (U view)

Z(m)
-1 -0.5 0 0.5 1 1.5 2 2.5 3

Y
(m

)

-1

-0.5

0

0.5

1

0

100

200

300

400

500

Event (YZ Hit view)

0

20

40

60

80

100

Plane number
-10 -5 0 5 10 15 20 25 30 35 40

S
tr

ip
 n

u
m

b
e
r

-20

-15

-10

-5

0

5

10

15

20

Event (V view)

X(m)
-1 -0.5 0 0.5 1

Y
(m

)

-1

-0.5

0

0.5

1

0

100

200

300

400

500

Event (YX Hit view)

lenepl
Entries  29

Mean    3.315
RMS     1.763

Plane number
-10 -5 0 5 10 15 20 25 30 35 40
0

20

40

60

80

100

120

140

160

lenepl
Entries  29

Mean    3.315
RMS     1.763

Longitudinal energy (total) tenestu
Entries  15

Mean   0.4855
RMS     1.071

Strip number
-6 -4 -2 0 2 4 6

0

20

40

60

80

100

120

140

160

180

tenestu
Entries  15

Mean   0.4855
RMS     1.071Trans Energy

U View

V view

Transverse energy (U and V views)

0

20

40

60

80

100

120

140

160

180

200

220

240

Phi

-3 -2 -1 0 1 2 3

C
o

s
T

h
e
ta

0

0.2

0.4

0.6

0.8

1

Event (Phi vs CosTheta  Hit view)

Chain=700 Snarl=726 Nshower=1 Ntrack=1 NuType=12

non QE CC (DIS) event: res=1002 1-y=-0.840768

Enu=4.324251  Elep=-3.635690 emfrac=0.842413 

Event in First Supermodule

 True Vertex x=-1.660052m y=0.712020m z=0.263788m



Ongoing work

• Evaluation of CandShowerEM with respect to 
SR. So far the variables look promising but we 
adding them without detailed variable selection 
worsen results. 

• Optimization of tree method. Boosting might 
yield further improvement.

• Do parameter estimation.
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Separate BG behavior

• Multij48 does a 
stronger cut in BG 
above 450 pe. 

• Reptree does have 
a slight gain in 
signal, at the 
expense of more 
background.
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Chain=2963 Snarl=3059 Nshower=1 Ntrack=0 NuType=-12

Neutral Current event: res=1004 1-y=0.000000

Enu=10.466211  Elep=0.000000 emfrac=1.000000 

Event in Second Supermodule

 True Vertex x=0.198922m y=1.463273m z=21.271484m
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Chain=1306 Snarl=1366 Nshower=1 Ntrack=0 NuType=14

non QE CC (DIS) event: res=1003 1-y=-0.060025

Enu=2.577947  Elep=-0.154740 emfrac=0.086439 

Event in First Supermodule

 True Vertex x=-1.095269m y=-3.434505m z=13.768846m
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Chain=21569 Snarl=131 Nshower=1 Ntrack=0 NuType=14

non QE CC (DIS) event: res=1003 1-y=-0.025432

Enu=5.353790  Elep=-0.136158 emfrac=0.887168 

Event in Second Supermodule

 True Vertex x=-0.133418m y=-2.604175m z=26.686499m
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Chain=775 Snarl=802 Nshower=1 Ntrack=0 NuType=12

non QE CC (DIS) event: res=1002 1-y=-0.076704

Enu=1.926142  Elep=-0.147743 emfrac=0.801262 

Event in First Supermodule

 True Vertex x=-2.691976m y=-0.807336m z=13.335770m
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Chain=1382 Snarl=1435 Nshower=1 Ntrack=0 NuType=-12

non QE CC (DIS) event: res=1003 1-y=0.839952

Enu=4.900358  Elep=4.116065 emfrac=0.842608 

Event in Second Supermodule

 True Vertex x=2.716335m y=2.772030m z=24.397480m


